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ABSTRACT

Research has been carried out on two families of solids. e first one
involves fluoride, chloride and bromide glasses. The second one involves
microporous silica glass impreghated with organic polymers as well as inor-
ganic crystals. The viscosity, vibrational spectra, chemical durability,
fiber preparation and effects on oxygen on the properties of fluorozirconates
have been studied. A number of rew halide glasses were discovered. Micro-
porous silica glass impregnated with PMMA was found to be highly transparent
in the visible and possesses abnormal properties., Many crystals impregnated
into silica glass were foud to have their melting points depressed and some

crystallographic trarnsitions were also suppressed.




I. Int roduction

Irorganic glasses have been scientifically studied and practically util-
ized for a lorg time. The scientific challenge is due primarily to the fact
that structurally, glasses resemble liquids but that mechanically, they behave
like =solids. One of the must important uses of inorganic glasses arises from
their transparency in the visible and hence their fabrication into windows and
lenses., This project is corcerned with research on two relatively new fami-
lies of glasses which are both transparent in the visible. The first group
are glasses based or. halides, especially fluorides. Most of these glasses are
transparent from the 1JV to the TR, The second group are composites based on
the impregnation of organic polymers and other materials into microporous sil-

ica glass.

At the commencement of this program in October 1979, small scale experi-
ments had already been carried out at UCIA which showed that the preparation
of these new transparent solids was feasible. During this reporting period,
from October 1979 to September 1682, a great deal of work has been carried
out. The progress made to date on these two types of gli ;:ses are summarized

separately below,

TI. Raesearch on Halide Glasces

A

A. Rackground Informatior,

Almost all halide qglasses reported in the literature orior to 1975 were
Ay
based on Bef"; . Recause of the very low refractive index of BaF, (r‘».o w

1.77%), the ro-called fiuvoroberyllate glasses also have low refractive indices




and have bheen considered for potential applications in high-power laser sys-
tems. (2) BeF2 has often been described as a structural analog of Siog”. Ber
glass has a three-dimersional random network structure in which BeF, tetrahe-
dra are the basic buildirg unirs with adjacent neighbors sharing only one

(4) Addition of alkall fluorides tends to break

correr similar to SiO2 glass.
up the network arvi non-bridgirj fluorine ions are formed. Wowever, the basic
building wurits remain to be tnhe Bel“‘1 tetrahedra. Ber—based glasses are con-
siderad toxic materials and their preparation ard handling are relatively dif-

ficult.

Another halide which forms qlass readily is ZnCl.gS). Some binary
glasses based on ZnCl2 have alsc been reportedm). However, these are very
easily soluble in water. In 1375, Poulain et al. reported the successtul
preparation of some new fluo-ide glasses based on ZrFf). These new glasses
are mych more chemically durable than ZnC12 but are ror~toxic. They are some-
what more transmitting in the IR than the fluoroberyllates. Because crystal-
1ine compourds of fluorides aii molten fluorides ocontaining zirconium have

.olyhedra with x raraing from S to 8, it has been postulated that the
structures ~t these new fluorozircorate glasses must he very different from
that of silicates ard fluoroheryllatesm). In the case of oxides and fluwro-
beryllates, 2ase of qlass-formation has always been associated with small
caerdication rumbers of the network formers. For instance the coordination
rambers for Si, %e ard Be are * and that for B is 3 and 4.  The coordination

:

taueoer of Zr in ‘171'5"1 is @,

I 1979, preliminzry expariments carried out at 'KILA showed that besides

7r?,, many other halide mixtures could form glass fairly easily. These




include mixtures based cn AIFQ-Can, Hde-Ban ard 7rF,-NaCl. Since glass-
formatior. appeared to be widespread among systems which were not toxic, since
the structures of halide qlasces were practically unknown, and since their
optical transmissions promised to be superior to that of known oxide glasses
in the infrared, there were strong justifications to perform research on new

halide glasses.

B. Research Progress in this Period

1. Viscosity of Fluorozirconate Melts

The viscosity of liquids ic governed hy the structure at any tempera-
ture. Since glass is a supercooled liquid, viscosity information has a direct
bearirg on ~tructure. Secondly, the ease of a 1liquid to form glass is
directly governed hy viscosity and the variatiorn of viscosity with tempera-
ture. Thus for ccientific and practical reasons, a study of the viscosity of
molter. fluorozircorates is important. ™uring this period, a high temperature
viscometer has twern modified and viscosity measuremencs have been made on many
moltet. fluorozirconates, Figure 1 shows the typical variation of viscosity
with temperature for fluorozirvorates., The common Arrhenius equation is not
obeynd., Tt ceems likely that the deqree of "polymerization® increases with
decreasiig temperatures, as fowd for many associated liquids. The absolute
values of viscosity are comewhat higher thar rhat for fused calts like NaCl
but are much less than that for qlass-formiig licuids like 'Sio.) anc N0, (See
Table 1) for oomparison). The deqree of association is thus not oxtensive.
From viscosity measuremants, it say be oostulated that the melt, ard herce the

. . + .
qiass, oonsists of ZrFx anions arnvi M catjons., The Zrl’zE anigns contain both
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Table 1. Viscosity of fluorozirconate melts, other glass-
forming liquids and molten salts at their liquidus

temperature,
Tm Viscosity Activation Eneréy - Reference
Substance  Structural type () (Poises) (Kcal/mol)
510, 3-dimentional 1710 1c” . 180 ]
Bol's 3-dimentional 540 »10° » 100 2
B0, laver 450 10 40
P2 05 layer 572 >10° 41.5 4
nCl, layer 318 50 40 5
L12510; chain 1200 4 24 1
NaPO, chain 615 17 16.5 6
LiBelts chain 365 5.6 14 7
NaCl ionic 800 0.015 9.3 8
KM ionic 137 6.03 ' 4.3 8
- BalriFy, 590 | 6.6 o 16.1 present
JUBar10Lat S41) 4 25 present

(0drl,
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bridging and norn-bridging fluorine fons. Viscosity values at the 1liquidus
temperatures are low (less than 1 poise in general) and hence rapid quenching

must be accepted for glass-formation for most fluorozirconates.

2. Chemical Durability in Water

The chemical durability of glasses in the system Zer-Ban—ThFA has been
studied at 2n°,3n° and 40°C. The results of weight loss as functions of time,
infrared transmission ac functions of time, chemical compositions of glass and
solutions as functions of time were combined with electron microscopy results
ir. order to fully understand the corrosion mechanisms. The fundamental pro-
éess seems to be the replacement of oarticular'cations in the qlass by posi-
tive ionc from the water, with the probability of participation of water
molecules. The corrosion appears to follow a (time)ys relation and is thus
diffusion controlled. Tt was possible to relate the weight loss to the con-

centration of water it the glasses shown in Figure 2,

Themical analysis results indicated that selective leachigé of Ba”* ions
had occurred together with scome -Zrﬁ+ fons while 1h‘+ fons remained in the
glassy netwock. The loss of ra't fons seemed to have led to contraction of
the qglass surface ard subsequent fracture., Thus even in moist atmospheres,
urprotected fluoride glass surface can become weakened and lead to subsequént
mechanical failure. In general, fluorozirconates were found to be much less
chemically durable than silicate glasses such as window glass but could be

superior to fluoroberyllates,



(o)
T

o~ 5 F

8] A

~

>

& o

e 4 r

- ‘N

: a

vy

g o}

~ 3 F ' A W
-

G o

3 &/

2 A
& sample ¢
o sample d
L o)
] A —
2]

0 0.5 1.0
[HZOJ in extinction units

i

Figure 2. Weijht Joss versus water concentration in the surface
of glasses leached in water at 30°C.

i X

e 2l e v a4 FRVEC D B R T

Te e T . I T T PSR . . . o
L P N T LT IR 1 N P P A T T Y T TR T R I T S I T A T T T



3. Vibrational Spectra and Structure

The infrared and Raman spectra of a large number ¢¢ fluorozirconates and
chloro-fluorczirconates were studied. Typical infrared and Raman spectra are
showr: in Figures 3 and 4 respectively. By correlating the spectra of the
glass with those of crystalline and molten fluorozirconates, we have tenta-
tively concluded that the basic building unit in these glasses is the urF,
octahedra., 1In Figure S, these octahedra are seen to form a six-membered ring.
;djacent riigs in the glass structure are linked together via non-bridging
fluorine iore and Ba~' ions. For chloro-fluorozirconate glasses, the present
interpretation of the results of vibrations) spectra suggests the larger Cl
lors to be the bridsirgy ions as shown ir. Figure 5. The structures postulated
involved relatively wnali 'ZrF‘x chains or rings and are consistent with the

viscosity results obtained.,

A, New Halide Glasses

A rumbar of new chloro-fluorozirconate 7lasses were prepared, The chem-
ical vompositions are show. ii. Table ? together with the qlass transition tes-

peratures ard crystallization -emperatures,

New chloride and rew broiide qlasses have also been discovered. The
cystem  MaCl-KC1-Thl 4 “as fo md to have extensive regions of qlass formation
as shown ir Figure 7, Some of these glasses are transparent to 14 p in the
infrared. New qlasses were also prepared based or ZnBr,. ‘he optical
rratsmiscion of one of these hromide qlasses in the infrared is shown in Fig-
ure 9. The chemical durahilities of the chloride ard bromide glasses were

irferior to those of the fluor:des. Wor practical aoolications, all these new
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of chloro-fluorozlrconate glases

Composition and characteristic temperatures

"7 77" I'Batch couposition | Analy-ed composition R
Tg Tcryst
Glass # o fmod D)} (el X)) ] (°c) (°c)
| ErEBany haCl, | PrRy BaRyBacl, .
1 55 45 - - 28 245 265
2 60 40 55| 20 25 247 271
3 65 35 - - 18 261 305
4 70 30 64 26 10 263 321
S 70 | 10 20 65 | 28 7 270 327
6 80 20 721 25 3 274 334
13




o
%
.

»

Pty
LX)

‘. b
... (,‘._'b-_i

G ¥ 4%

i Putretind el
BN PG
P 2P 2P P,

[t S

3 Glass

O Hlinn andd Cormeai: BOA- \ 20

® Cutamig \

=S
[&)
-

(8]

80 - 60 TTTTRG 70 KCi

Figure 7 The glass-forming reqion in ternary system
RaCl-KC1 -'(M:I‘l .

14



B s sl

*s
s s e

X3

ol Sl i )
'0..

AT

e Cha il St
LR N )
..‘ '<‘..‘J-’

C.v- -

.......

glasses will have to be protected by cladding. However, it is likely that by
systemstic study of glass formation, chemical durabilities can be improved via

the addition of other bromides or chlorides.

5. Preparation of Glass Fibers

TWo techniques have heen evaluated for fiber preparation. The first one
irvolves direct drawing from the melt. The second one involves the prepara-
tion of a "pre-form® and subsequernt redraw. BRecause of the low viscocity of
currently known glasses, it was decided to test the redraw method. Rods of
fluorozirconates were made by casting. Raw materials were distilled. The
rods were fitted into a 0,75 i.d. Teflon FRP tubing and redrawn in a dry
nitrogen atmosphere. Cladded fibers were successfully drawn with lengths up
to SN0 feet and dlameters down to 50 p as shown in Figure 8. Experiments have
been started to determine the effects of wet atmospheres on the tensile

strengths of the fluorozirconate fibers.

5. Effects of Oxygen Contert on Glass Properties

Krown amounts of Zr"7,Ba0 and 2,0, were separately added to distilled
fluorides and nlasges rade with up to 2 weight § oxides. The infrared
tranvejssions were measured as well as other physical properties includirg
viscosity., Althowh the wors is rot yet complete, it can be stated at prasent
that cmall amounts of oxyqen <ar have fairly large effects on the properties
of €luorozirconates. A tech:iique was developed which permitted the estimatior

of oxyjer. cortert in fluorozivconates,

15
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III. Research on Impregnated Microporous Silica Glass

A, Backgrourd Information

wWher alkali borosilicate melts of certain compositions are cooled to

some temperatures, a weculiar type of liguid-liquid phase separation occurs

*  which exhibits an interconnecting morphology. Such phase separation is “nown
as “spinodal decomposition'.(g' 10 One phase is essentially an alkali borate

atd the other is practically all silica containing about 3% B,0,. When the
solidified phase-separated glass is immersed in dilute acids or hot water, the
alkali horate ph-ase is preferentially leached away, leaving a “"skeleton" of

the <ilica qlass.(“'p') This skeleton is know as microporous glass. The
total porosity can exceed SN® and the pore diameters can bhe controlled by

heatment to a range from 20 A to 1006 A, (13,14)

Because of the unique microstructure of such fine interconnecting chen-
rels ~icroporous qlass has been used i{n reverse osmosis ('Y ard for the

(15) The channels have bteen partially coeted with car-

preparation of enzymes.
bor. to form semicorducting oomposites(ls) and totally filled with metal to

give s:upercormt-\rtors.n” The latter example is particularly i:teresting in

2
W
.
+
T
AN
4
)‘.!
.

4O
.

that the supervonducting transition temperatures can be raised because the
motal is in a very fine filamentary state. The micropores in a chemically
inert matrix of silica gqlass offer unique opportunities for studyirg the
behavior of other materials in a fine filamertary state., Further ro tran-

sparent composites based or microporous glass as known.
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Preliminary experiments at IXLA prior to September, 1979, irdicated that
transparent comoosities based or polymethylmethacrylate (PMMA) in microporous
could be prepared. Secordly, theoratically considerations indicated that the
properties of many crystalline solids could be altered if they were impreq-
nated into microporous glass ts form {ine filaments. There were thus strorg

justifications to mperform research on impregrated porous qlass.

B. Research Progress ir. this Period

1. Polymer-impreynated Porous Glass

Porous glass samples were obtained from Zornirg Glass Works. Typically
the .cmples were 40% porous ard the average vore diameters were 40 A. Liquid
WA was first lmpregrated into the micropores and the monomer ther. polymerized
with henzoyl peroxide. The resultant composite was highly transparent in the
visible. As a matter of faci the composite wac better than window qlass in
visible transmission. The density of the composite was in-between that of
silica nlass aird PMMA, HWowaver, {ts Fracture touginess was considerably
higher thar. that of sillza glass whilst its hardiess was superior to that of
PMA.  The tencile strergth of the composite was higher than that of PMMA  and
wirdow qlacs, A summary of the important properties measured is glven in
Tarse . Pigure 9 shows the cuperior vicible transmission of this new arqanic
polymer-irorgaidic qlass composite. A number of other liquid moromers were
selacted foc impregration. The most promising to-date was » cowolymer of

styrete ard dimethyl butadiene,

18
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Figure 9 Comparison of transparency between
porous glass-polymer composite and window glass.
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TABLE 3

Summary of some Important Properties of Porous Glass, PMMA

and Composité

Material Porous Composite
Properties Glass PMMA PG +PMMA
Modulus of rupture (psi) 8742 19158
Young's modult- (psi) 2.51x10°  4.75x10°  3.39x10°
Poisson's ratio 0.20 0.33 0.22
Density (g/cm’) 1.446 1.215° 1.830

Y \ & . 1.188 .
Porosity (%, 33.X% 1.9%
Pore diameter (}) 75
Hardness (GN/M%) 0.84 0,22 2.15
Transmittance 92%

1107

Glass temperature ( °C) 108 110
Thermal expansion coeff. 7.3%10°7  1.8x107°
dielectric constant 5,2 4.9 9.2
Jissipation factor 0.00?7 0.048 0.038
Fracture energy tJ/Nz) 3.33 300 26.65%
Toughness (ai/m3/%) 0.30 1.60 1,09

@ PMMA




The fracture toughness »f the composite, because of the lower 'I‘g ot this

polymer, was even superior to that of the PMMA-silica glass composite (1.5 vs
iel GN/mz). There is thus good irdication that many new polymer-ircrganic

glass composites can be prepared with interesting and useful properties.

2. Porous Glass Impregnated with Crystals

Three techriques were developed for the impregnature of a variety cf
irorganic crystallire phases into microporous qlass. The first cne involves
the melt. The second one irvolves the repeated impreqration and drying of
saturated aqueous solutions. The third one involves the repeated impregnation
ard decompositior. of sol-gel liguids. The melting r ints of the impregrated
crystals were determined by NTA and X-ray analysis. Some of the results are
showr in Table 4. Large depressions of melting temperatures were observed. A
theory has been developed for explaining these melting point depressions.
Accordirg to this theory, the radius of the microcrystalline particles inside

the microoorous qlass, R, is given hy:

R=7 o’ls Tm/PstAT

where . = juterracial erergy hetween solid and liquid

]

bulk meltirg point

m
p. = dersitv of solid

[\Hf = heat o' fusion

AT = melting point depression.

21
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Table 4 Melting point depression of varicus materials
in porous glass.

o+ A e —— -—

et e o —

Impregnation M.P. (°C) M.P, AT

Method Bulk (°C) (°c)
NaNO4 Aq. Soln. 309 262 47
KNO3 Molten Salt 335 288 47
Aq. Soln. " 283 52
High Pres. v 29¢5 40
RjHOB Agq. Soln. 216 170 46
TlNO3 Molten Salt 214 177 37
Ag. Soln. . 175 39
NH4NO3 Molten Salt 175 125 50
Aq. Soln. " 123 52
ngl, Molten Salt 257 215 42
K,Cr,y0q Molten Sailt 401 167 34
CyeCl Aq. Soln. 645 565 80
A Aq. soln.' 961 901 60

* After impregnation hy ay. sol. method, heat treated at
500°C --.24 hours.
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The average value of R calculated by this equation was A0 A, The average
radius of the pores was found to be 725 A from experiments. The agreement

between theory and experiment was considered to be satisfactory.

Another interesting discovery was that a number of crystals, after
impregnation into the microporous glass, no longer exhibit phase transforma-
tion at a temperature at vhich the bulk solid would undergo phase transforma-
tionn., ‘These include KN03,T1NO.;, N;NOR, l'hI.,., 1‘102 and Zr0,. The tentative
explaration of this phenomenon is that the average pore size is significantly

less than the calculated critical radius necessary for phase transformation.
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The role of the porous silica glass surface is now being investigated.
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B. Preparatior. of Pnrous Glass with Larger Pores

Currently, porous glass obtainable from Corring flass Works has only one
pore size, viz. about 40 A in diameter, and ore porosity, viz. 40%. For
better wderstanding of the behavior of composites impregnated into micro-
porous qlass and to extetd the range of materialc which can be impregnated
{5 inctarce, large srjanic molecules), it is desirable to have microporous
3iss with 3 wide range of pore size ard porosity., We have now been able to
develoo the capability of oreparirg micromornus glass with average diameters
up to M A ard morosity up to $8%, Techniques have also baen developed
which permitted the accelerated leachina of the horate phase without stress-

ircduced crackireg.
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v, Publications _i_n_ this Period

"Preparation and Properties of Water-Free Vitreous Beryllium Fluoride®, J J. of
Non-Crystalline Solids 31, 441-445 (1979),

. ‘ "Furdamental Condition of Glass Furmation in Fluoride Systems,® J. Am. Ceram,
A.': 20_(:"0 ﬁ?' 517-51() (1q.7q}o

"The Leaching of Phase-Separated Sodium Borosilicate flasses,” J. Non-
Crystalline Solids 31, 377-383 (1979) with A, Makishima and .J,.J. Hamel.

"Low Fxpansion Copper Aluminosilicate Glasses,® d. Non-Crystalline Solids 30,
235-292 (1979) with ¥, Matusita,

"Improvement of Chemical Nurability of High Exparsion Phosphate flasses by Ion
Exchaige,® J. Materials Science 14, 1508-1509 (1979),

"Electrical Properties of Semicorducting Oride Glasses,"™ J. Won-Crystalline
Solids 32, 91-104 (1979) with L. Murawski and C.H, Chung.

“Applications of Rlass in Electronics,"” Glass 51, 1-14 (1979),

“Electrical Properties of Semiconducting Oxide Glasses," kev., de Chim. Min.
16, I2-327 (1979) with C.H. Chung and L. Murawski.

“Fffect of Tor-Exchange on the Young's Modulus of Glass," J. Non-Crystalline
Solids 1‘_*_, 195-300  (1980) with 7, Wakaki,

"Tnfrared Absorntion ad Structure of hlorophosphate Glasses,*® J.  Non-
Crystalline Solids 4n, 535-G48 (1980) with R. Almeida.

®"Tonic Transport and Nefect Structure of Vitreous Beryllium Fluoride,® T.
Nar.-Crystalline Solide 4n, 135-14R with C.M, Baldwin.

"Flectrical Properties of Vv 50
A22-498 (19R1),

S-Pbo-“eo filasses, g_. Materials Science 15,

“lonic Trarsport in the BeF, -CsF flass System,” J. Non-Crystallire Solids 42,
455-AGR (19R0) with C.M. Baldwin. - -

““lectrical Properties of Biiary Semiconducting Oxide Glasses Containing 55
Mole & V,N.," J. NonCrystalline Solids 42, 2€7-317n (1980) with C.H.
Charg. - T -

"Vibrational Spectra and Str xcture of Fluorozirconate Glasges,® J. Chem. Phys.
74, SA54-59A1 (1981),

“Halide Slasses,” J. Mor-Crystallire Solids 43, 1309-344 (10R1) with C.M,
Baldwir ard a. Almelda. -

"Solid-to-Solid Phase Transfrrmations in Fine Pilaments,® Proceedirgs of the
Tnt. Corf. on Phase Trarsformstiors, Pittsburgh, PR., Rugust 1937 with

K. Kadokura.




"Glasses from Melts and Glasses from fels, A. Comparison,® Proceedings of
First Int. Workshop on Sol-Gel Glasses, Padova, Italy, September lEQR].

"State of the Art and Prospects of flass Scierce,® Proceedings of Beljing Int.
Symposium on Glass, Beijing, China, August 108,

"Controlled Crystallization of Glass Fibers,“ Advances in Ceramics 4, 237-43
Am. Ceram. Socfety (1997) with E.T. Wu ard T. Yoshio.

"Low Fxpansion Class-Ceramic Prepared from Cu (~Al_0_-Si0_ Glasses,” Advances
é_g_ Ceramics 4, ?277-87 Am. Ceram, %g (158;.) wi@h K. Matusita and S.
kka.

"Vibrational Spectra and Structure of Chloro-Fluorozirconate Glasses,® J.
Non~Crystalline Solids, 51, 187-200 (1982) with R. Almeida.

"New Chloride Glass in the NaCl-KC1-ThCl 4 System,® J. NonCrystalline Solids
81, 2A/9-72 {1982) with He-fang Hu,

*The FElectroconductivity of Fluorozirconate and Chloro-fluorozirconate
Glasses,® J. Mat. Sci. 17, 2533-3R (1982) with R.M. Almeida.

"New Halide Glasses-Bromide lasses based on ZnBr_," by H.F, Hu, F.D. Ma and
J1.D. Mackenzie, J. Non-Crystalline Solids, 3ccepted for publication.

"New Methods of Studying Disorderad Solids,® by J.N. Mackenzie and .John Lau,
J. de Phycique (accepted for publication),

"Viscosity of Molten Fluorozirconates,® by H,P, Hu and .J.D, Mackenzie, J.
Non-Crystalline Solids, accented for publication.

“Structure and Properties of Thorium-Flucrczirconate Binary Glasses,® by R.M,
Almeida ard J.D. Mackenzie, Proceedings of XIXI Int., Cong. Class.
(Accepted for publication).

“A Struyctural Interpretation of the Vibrational Svectra of Binary Fluorchaf-
rate Glasszes,* by R.M. Almeida and J,D. Mackenzie, .J. Chem. Phys, (Sub~
mitted for publication!,

"Microstructure of Boiwus (lass by High Resolution Electron Microscopy," J.
Non-Crystalline Solids, accepted for publication with Y. Bando.

*Corrosion of Fluorozirconate Glasses in Water," by M, Liepmann and J.D. Mack-
azie, J, Nw-Crystalline Solids. (Submitted for publication).

"Watar Resistance of Fluorozirconate Glass,” by M, Liepmann and .7.D. Macken-
zle, J. Non-Crystalline Solids, (Submitted for publication).

“réfects of Oxygen on tl.e Properties of Fluorozirconate Glasses,” by H.F, Hu
ard J.0, Mackenzie, in preparation.




-

"Praparation of Porous Glass with large Pores,” by T. Morimoto and J.D. Mack-
enzie, in preparation.
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V. Miscellaneous Achievements

A. Graduate Degrees Awarded

Based on research supported by AFOSR, the following graduate degrees
were awarded to graduate students under the supervision of J.D. Mackenzie.
Ph.D. Degrees

C.H. Chung, 1979 J. Wakaki, 1979

R.M, Almeida, 1920 C.C. Liuy, 1981

_.5. g.grees

Edward wu, 1980 Rex C. Claridge, 1980
Monika Liepmann, 1981 Joseph Yuen, 1981
Ardrew Ko, 1981 X.C, Chen, 1981

B. Achievements of the Principal Investigator

1. J.D, Mackenzie was Chairman of the Publications Committee of the Inter-
national Comgress on Glass, 1982, and editor of the Proceedirgs of that

Corgress.

%, J.0. Mackernzie was organizer of the International Conference on “Fion-
tlers of Glass Sciepce," held in 1os Angeles, 1980, and co—editor of the

Proveedings.,
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3. J.N, Mackenzie was invited by the Peoples Republic of Cnina to organize
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>

the First International Symposium on Glass, held in Beljing, Ohina,

August, 1981 and co-editor of the resulting Proceedings.

A, J.D. Mackenzie was invited to serve on the International Advisory
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Committee of the following meetings:

a. International Conference on Ultrastructure Processing, U. of

Florida, February 1983,

b. International Workshop on Glasses and Ceramics from fels, Max

Plarck Institute, Wurzburqg, Germany, .July, 1983,

Ce. International Conference on Glass Science, Tech. !l. of Clausthal,

Germany, July, 1983,

d. Tnternational Conference on Physics of Non-Crystalline Solids,

Montpellier Univ., France, July, 1982,

C. Patents

Three patent disclosures were prepared and submitted to the
University of California Board of Patents. Subsequently, these disclo-
sures were transferred to the 1),S. Afir Force. At present, these disclo-

sures are heing processed by the Air Force,

Vi. Personnel

Nuring this period, the following had participated and made con-
tributions to the progress reported.
Dr. 1.0, Mackenzie, Principal Investigator
Dr. T. Miura, Research Assistant, 1980-8}
Dr. T. Takusagawa, Research Assistant, 1979-80

Dr. John wau, Research Assistant, 19R1-R2
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Dr. N, Tohge, Research Assistant, 1981-82
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Dr. R. Almeida, Research Assistant, 1981-82

I, =
. o

Mr. H.P. Hu, Research Assistant, 1980-82
Miss M. Liepmann, Research Assistant, 1979-82
Mr. Keith Kadokura, Research Assistant, 1979-32
Mr. C.H. Churg, Research Assistant, 1979

Mr. .J. Wakaki, Research hssistant, 1970

Mr. C.C. Liu, Research Assistant, 1979-81

Mr. Edward Wu, Research ’ssistant, 1979-82
Mr. Ardrew Xo, Research ’ssistant, 1980-81
Mr. Rex Claridge, Research Assistant, 1979-80
Mr. .Joseph Yuen, Research Assistant, 1980-82
Mr. ®.f, Chen, Research ?ssistant, 1980-82

Mr. T. Morimoto, Researct Assistant 1980-82

In addition a number of undergraduate laboratory assistants were

employed to assist in this research program,
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